Models of hippocampal function have proposed different functions for hippocampal regions CA3 and CA1, commonly proposing that CA1 performs a match-mismatch comparison of memory retrieval with sensory input. The study by I. Lee, M. R. Hunsaker, and R. P. Kesner (2005) tested these models using selective lesions of hippocampal subregions. Their data suggest that CA3 and the dentate gyrus play an important role in the process of detecting the mismatch when a familiar object is placed in a new spatial location. Lesions of the dentate gyrus and CA3 strongly reduce the enhanced exploration associated with displaced objects, beyond the reduction caused by CA1 lesions. This supports the importance of convergent input to CA3 as well as CA1. Along with recent electrophysiological data, this provides a framework for more specifically modeling the role of CA3 and CA1 in matching sensory input with context-dependent retrieval for memory-guided behavior in different tasks.
The striking anatomical differences between hippocampal regions CA3 and CA1 as well as the dentate gyrus (Amaral & Witter, 1989) have engendered proposals for distinct functions of these different subregions. In particular, the extensive excitatory recurrent connections of region CA3 have been proposed to play a role in encoding and retrieval of associations, including autoassociative completion of a single pattern, or associative retrieval of the next pattern in a sequence (Hasselmo, Hay, Ilyn, & Gorchetchnikov, 2002; Hasselmo, Schnell, & Barkai, 1995; Jensen & Lisman, 1996; Levy, 1996; Lisman, 1999; Marr, 1971; McNaughton & Morris, 1987; Treves & Rolls, 1992) . In contrast, hippocampal region CA1 has been proposed to play a role in matching of CA3 output with afferent input from entorhinal cortex (Eichenbaum & Buckingham, 1990; Gray, 1982; Hasselmo & Wyble, 1997; Levy, 1989; Lisman & Otmakhova, 2001) .
In this issue, Lee, Hunsaker, and Kesner (2005) have presented lesion data testing hypotheses about the function of individual subregions, building on their previous work using selective lesions (Lee & Kesner, 2004) . In this study, they show that selective lesions of the dentate gyrus or region CA3 impair the detection of novel locations of familiar items, beyond the effect of CA1 lesions. Control rats showed a normal increase in exploration when a familiar object was moved to an unfamiliar location, whereas rats with CA3 lesions did not show this enhanced exploration. The authors interpret this finding as indicating a role of region CA3 in detecting the mismatch between the memory for the spatial context of each item and the current sensory input about the spatial position of the item. They contrast this with a more modest change in mismatch detection found in rats with lesions of region CA1, which has traditionally been proposed as the region that computes mismatch. They also find a reduction of exploration with dentate gyrus lesions, which they interpret as an impairment in the capacity to create the distinct representations of spatial context necessary for detection of the mismatch.
At first glance, these data appear to conflict with the standard hypothesis of region CA3 function. In most models, region CA3 is not used for a comparison function, but mediates the encoding and retrieval of associations between individual features of an item, between items, or between items and context. In models of human memory function, this retrieval of associations in region CA3 allows a cue word to retrieve a paired associate, allows recognition of items on the basis of context, or allows the experimental context to cue free recall of words (Hasselmo & Wyble, 1997; Norman & O'Reilly, 2003) . In models of rat behavior, the retrieval of associations allows sequences of spatial locations or behavioral stimuli to be retrieved (Jensen & Lisman, 1996; Levy, 1996; Lisman, 1999; Wallenstein & Hasselmo, 1997; Wu, Tyrcha, & Levy, 1998) . Loss of this simple completion of stored associations was proposed to underlie the effect of selective knockout of N-methyl-D-aspartate receptors in region CA3, which impairs spatial navigation by rats only when an environment with four cues is reduced to having only a single cue (Nakazawa et al., 2002) .
However, the new data are not really incompatible with the associative function of region CA3, as the detection of mismatch tested in the Lee et al. article specifically requires that region CA3 has access to retrieval of prior memory. The rats cannot detect a mismatch with the prior spatial context of items unless they have some retrieval of the prior spatial context. Thus, Objects A, B, and C and the spatial environment in this task appear to elicit some context-dependent retrieval of the previous location of Objects D and E, which could be conceived as an expectation about their location. This context-dependent retrieval could be compared with the new sensory input about the location of the objects. Thus, retrieval of associations is essential to the detection of mismatch, and region CA3 might play a role in either context-dependent retrieval or mismatch detection, or in both processes.
As noted by the authors, the lesion data do not completely conflict with the hypothesized role of region CA1 in performing a comparison of input from entorhinal cortex layer III with output from region CA3 (Eichenbaum & Buckingham, 1990; Gray, 1982; Hasselmo & Wyble, 1997; Levy, 1989; Lisman & Otmakhova, 2001 ). The CA1-lesioned group still showed less exploration of the objects in new locations compared with control subjects. The lesser effect of CA1 lesions could be due to incomplete lesions, allowing persistence of matching function in spared areas. However, as noted by the authors, the greater reduction in exploration associated with region CA3 lesions does suggest an additional comparison role for the convergent input to region CA3 (Mizumori, Ragozzino, Cooper, & Leutgeb, 1999; Vinogradova, 2001) , beyond the role of region CA1. For this function, the direct perforant path input from layer II of entorhinal cortex to region CA3 could provide information about the current object location, which could be compared with the predicted object location on the basis of associations retrieved by the spread of activity on the recurrent connections in CA3, or provided by direct input to region CA3 from the dentate gyrus.
These data suggest that the activity of region CA3 could reflect either the context-dependent retrieval of prior associations or a mismatch between external input and internal retrieval. Lee has recently presented electrophysiological data supporting associative retrieval in region CA3. In his recent Nature article with Knierim (Lee, Yoganarasimha, Rao, & Knierim, 2004) , Lee demonstrated that region CA3 place cells show greater internal consistency of response to changes in the environment. The population of place cells in region CA3 of a single rat shift in a coherent manner with cues shifted around a circular track, supporting an autoassociative pattern-completion process in this region. This contrasts with a more heterogeneous response of region CA1 neurons to changes in the environment, suggesting less pattern completion in region CA1.
If region CA3 also computes a mismatch, what would this signal look like electrophysiologically? Presumably there should be a distinct pattern of neural activity associated with the new location of an individual object, rather than simple completion of neural activity associated with the previous location. Recordings have not been performed for the specific task presented here, but other electrophysiological data from region CA3 suggest that the appearance of differences in neural activity depends on the magnitude of the difference in the environment. Data from the Moser lab (Leutgeb, Leutgeb, Treves, Moser, & Moser, 2004) show that place cells recorded in region CA3 show larger differences in response compared with CA1 cells when the same environment is encountered in different contexts (e.g., the same recording chamber is placed in different rooms). This could reflect a mismatch signal, but could also simply indicate formation of a new representation for an unfamiliar environment. The apparent conflict between the completion function seen in the Lee data and the separation of activity in the Leutgeb data has been resolved by data using immediate early gene labeling (Vazdarjanova & Guzowski, 2004) . These data show that the overlap in neural activity in CA3 for two different environments depends on the relative similarity of the contexts. More similar contexts result in completion in region CA3, whereas more distinct contexts result in greater differentiation of neuronal response in region CA3 (Guzowski, Knierim, & Moser, 2004) . These data could reflect nonlinear completion mechanisms in region CA3. Alternately, they also support the hypothesis that divergent connections to the dentate gyrus provide a differentiation of separate contexts (Marr, 1971; McNaughton, 1991; McNaughton & Morris, 1987; O'Reilly & McClelland, 1994) , such that reactivation of the same specific context representation occurs only for highly similar conditions. Thus, the dentate gyrus may selectively encode a specific context for each episode. For strong similarity of the environment, this results in region CA3 retrieving a pattern or sequence that contains all elements of the predicted environment. However, for a mismatch of retrieval and sensory input, this might result in a distinctly different pattern of activity (due either to activation of a different pattern of dentate gyrus activity, or to a distinct pattern of CA3 activity caused by a mismatch between the activity of CA3 recurrent collaterals and the features of sensory input from entorhinal cortex layer II).
The same mechanisms that mediate a match-mismatch comparison between sensory input and internal retrieval could also mediate the selective retrieval of episodic memories necessary in many hippocampus-dependent tasks. For example, in spatial alternation or the eight-arm radial maze, the rat must recollect which of similar arms were recently visited. In these cases, simple retrieval of associations is insufficient for correct retrieval, as all arms have been visited many times. Instead, the selective retrieval of a single prior episode requires selection by temporal context. This could underlie context-selective neuronal activity seen during spatial alternation (Wood, Dudchenko, Robitsek, & Eichenbaum, 2000) . In this framework, multiple possible memories could be retrieved by cortical circuits, and a specific episodic memory could be selected by convergence of input from entorhinal cortex layer II, with temporal context provided by the dentate gyrus and region CA3.
Thus, the selective episodic retrieval of one out of many similar episodes could involve a mechanism of matching with context in region CA3 similar to that proposed for matching sensory input with prior memory. This mechanism for context-dependent retrieval could generate output that would be matched with current sensory input either in region CA3 or in other structures. However, this raises an interesting alternative to the traditional model of pattern completion or sequence retrieval in region CA3. Traditionally, region CA3 has been perceived as encoding sequences and patterns and providing retrieval of these sequences. But this would suggest that lesions of CA3 should impair the recognition of objects, or should at least reduce the habituation caused by repeated exposure to the environment. In Lee et al.'s data, CA3 lesions do not reduce the habituation to objects or to the overall configuration. This supports an alternative interpretation that the entorhinal cortex mediates the overall learning of associations, and the dentate gyrus and region CA3 could specifically encode the relationship between objects dependent on the relative times or locations at which they were encountered, providing a mechanism for relational memory (Eichenbaum & Cohen, 2003) . The relationship could be encoded by graded strengthening of synaptic connectivity proportional to the relative time or distance between encoded objects. In this case, lesions of region CA3 would not impair the general habituation to the full set of features, but would prevent animals from doing episodic retrieval of the specific relations between objects and the environment. This would prevent generation of predictive context-dependent retrieval, and thereby prevent enhanced exploration for an object in a new location.
The encoding of relationships between objects would require a more sophisticated representation of temporal context such as that developed recently by Howard and Kahana (2002) . Most previous hippocampal models simplify the time element of a task by assuming that all items in the environment are continuously available for encoding, for cuing of internal associations, and for comparison with retrieval. However, it is likely that a rat can only see a subset of the stimuli at a given time point. This raises the commonly neglected requirement for a buffer to hold newly encountered stimuli in memory. Such a buffer would be necessary to hold object information for the initial encoding of the relationship between one stimulus and other stimuli, for cueing of the old associations, and for comparing the current object with predictive retrieval on the basis of spatial or temporal context. Sustained activity in entorhinal cortex could provide such a buffer for input, and could depend on intrinsic mechanisms of sustained spiking activity as demonstrated in slice preparations of entorhinal cortex (Fransén, Alonso, & Hasselmo, 2002; Klink & Alonso, 1997) .
The notion of spatial context itself is highly simplified in most models. Most models represent it with a separate static vector that is assumed to be continuously present. However, recent work has proposed that spatial context could be constructed from temporal context, which consists of a decaying store of prior actions or prior objects encountered in a given environment (Howard, Fotedar, Datey, & Hasselmo, 2005; Howard & Kahana, 2002) . More sophisticated models of the sequential interaction with sensory information during exploration and memory-guided behavior will allow a more sophisticated representation of the neural representation of both spatial and temporal context. In summary, the recent lesion and electrophysiological studies provide exciting new data about the potential role of region CA3 in detecting a mismatch between the current environment and previous experience. These studies were directly motivated by models proposing different roles for hippocampal subregions. The field of research on the hippocampus has developed a strong and ongoing interaction of modeling and experimentation that should continue to prove fruitful. However, these studies highlight the need for more sophisticated computational models that directly simulate the time course of behavior of rats in specific tasks, and generate specific predictions about the timing of neuronal firing activity during the performance of these tasks.
